Purpose: The present study was intended to investigate the preventive role ofWithania somnifera (WS) on hyperlipidemia and oxidative stress in the heart of streptozotocin (STZ)-induced type 2 diabetic rats. Methods: Single intraperitoneal injection of STZ (100 mg/kg) was given to 2 days rat pups to induce type 2 diabetes mellitus. Diabetes was confirmed 90 days after the administration of STZ by measuring blood glucose level. WS (200 and 400 mg/kg) was administered orally once a day for 5 weeks after the confirmation of diabetes. Glucose, lactate dehydrogenase (LDH), creatinine kinase (CK), total cholesterol (TCh), triglycerides (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), verylow density lipoprotein cholesterol (VLDL-C) and markers of oxidative stress parameters like lipid peroxidation (LPO), reduced glutathione (GSH), glutathione peroxidase (GPx), glutathione reductase (GR), glutathione-S-transferase (GST), superoxide dismutase (SOD) and catalase (CAT) were evaluated in the heart of type 2 diabetic rats. Results: Oral administration of WS for 5 weeks resulted in a significant (P<0.001) reduction in glucose, LDH, CK, TC, TG, LDL-C, VLDL-C levels with significant elevation of HDL-C levels. On the other hand, WS treated diabetic rats significantly (P<0.01-P<0.001) reduced the elevated levels of LPO, increased levels of antioxidant enzymes (i.e, GSH, GPx, GR, GST, SOD and CAT). Conclusion: These findings propose the role of hyperlipidemia and cardiac oxidative stress in type 2 diabetic rats and suggested protective effect of WS in this animal model.
INTRODUCTION
Type 2 diabetes mellitus (DM) is one of the most common problems for the health care system, under which most of the patients with this disease are treated. Microvascular and microvascular complication is the primary cause of morbidity and mortality in both types of DM [1, 2] . It is believed that cardiac oxidative stress contributes to high incidence of cardiac dysfunction and mortality in type 2 DM [2] . For several years it has been suggested that patients with diabetes experience chronic oxidative stress which results from disturbance in the balance between the formation of free radicals in the body and scavenging of these radicals [3] . This can be appreciated by evaluation of cardiac oxidative stress parameters such as LPO, GSH, GPx, GR, GST, SOD and CAT in such patients. Previous reports from epidemiological and clinical studies have revealed that factors other than hyperglycemia are also important contributors in patients with diabetes, such as abnormalities in lipid and protein metabolism [4, 5] . Abnormalities in lipid metabolism are also seen in diabetic patients [6] , nevertheless pharmacological investigations are needed in severe cases of hyperglycemia and hyperlipidemia [7] .
Withania somnifera (WS) Dunal (family: Solanaceae), commonly known as ashwagandha is extensively used in Ayurvedic system of medicine [8] . Several studies on this plant revealed that it possesses anti-inflammatory, anti-tumor, anti-stress, anti-oxidant, immunomodulatory, hematopoietic and rejuvenating properties besides its positive influence on the endocrine, cardiopulmonary and central nervous system [9, 10] . Recently we have published the protective effect of Withania somnifera against oxidative stress and pancreatic β-cell damage in type 2 diabetic rats [11] . Hence the present study was planned to investigate the preventive effect of WS on hyperlipidemia and oxidative stress in the heart of type 2 diabetic rats. The ultimate goal of the research was to demonstrate the therapeutic potential of WS in the treatment of type 2 diabetes mellitus.
EXPERIMENTAL Animals
New born rat pups (2 days old) were used for this study. Pups and their mother were housed under ideal laboratory conditions, maintained on standard diet and water throughout the experimental period. The research study was approved by the Institutional Animal Ethics Committee (IAEC) of Jamia Hamdard, New Delhi, India and conducted as per the International guidelines for the care and use of laboratory animals [12] .
Drugs and Chemicals
Aqueous root extract of Withania somnifera (Batch No. WS/05002) was a gift sample from Natural Remedies, Bangalore, India. It was supplied as standardized powder which contains withanolides (3.9% w/w). The extract was stored at 4 0 C until used. Streptozotocin was procured from sigma chemicals (USA). Kits used in the study were purchased from Span Diagnostic Ltd, India. All other analytical grade chemicals were procured from well-known companies.
Induction of type 2 diabetes mellitus
Single intraperitoneal (i.p) injection of STZ (100 mg/kg) was given to 2 days old rat pups to induce type 2 diabetes mellitus [13] . Normal control rats received i.p injection of citrate buffer on the 2 nd day of their birth. All the surviving pups were kept with their mother till adulthood (mortality ≤30%). Type 2 diabetes mellitus was confirmed 90 days after the administration of STZ by measuring blood glucose level. Animals with fasting glucose levels of 200 mg/dl or higher were deemed to be diabetic.
Experimental design
Five groups of rats were made with each group comprised six animals. The details of grouping made are given as follows:
Group-I: Normal control, received citrate buffer (0.1ml/kg, i.p).
Group-II: Diabetic control (untreated), received STZ in a single dose (100 mg/kg, i.p). 
Group

Biochemical estimations
On the end of experiment blood samples were collected for biochemical estimation. Commercial diagnostic kits were used to estimate the glucose level in blood by glucose oxidase methods [14] . Serum was separated from whole blood and lipid profile parameters such as total cholesterol (TCh) [15] , high density lipoprotein cholesterol (HDL-C) [16] and triglycerides [17] were estimated using diagnostic kits. Low density lipoprotein cholesterol (LDL-C) and very low density lipoprotein (VLDL-C) cholesterol were calculated by Friedwald et al equation [18] . The lactate dehydrogenase (LDH) and creatinine kinase (CK) was also estimated by using diagnostic kits [19, 20] . Animals were sacrificed and heart was isolated, clean and washed with the cold normal saline. Further tissue was homogenized in buffer solution and tissue homogenate was used for MDA, Protein, GSH, GPx, GR, GST, SOD and CAT estimation. Lipid peroxidation (LPO) was measured by the reaction of thiobarbituric acid (TBA) with malondialdehyde (MDA) to yield a pink color complex which gives maximum absorbance at 535 nm due to the peroxidation of lipid membrane [21] , whereas protein was estimated by the method of Lowery et al [22] using BSA as standard. GSH was estimated by the method of Jollow et al [23] . Glutathione peroxidase (GPx) and glutathione reductase (GR) were estimated by the oxidation of NADPH [24] . Glutathione-Stransferease (GST) was estimated by the method of Habig et al [25] using 1-Chloro-2,4 dinitrobenzene(CDNB) as substrate. SOD activity was expressed as units mg -1 protein and one unit of enzyme was defined as the enzyme activity that inhibits autoxidation of pyrogallol by 50% [26] . Catalase (CAT) was estimated by Claiborne procedure [27] using hydrogen peroxide (H 2 O 2 ) consumption at 240nm.
Statistical Analysis
All data were analyzed with help of Graph Pad Prism 5(Graph pad software Inc., USA). Data were expressed as the mean± standard error (S.E) and the mean value was compared by using one way analysis of variance (ANOVA) also followed by Tukey-Karmer test for multiple comparisons. P ≤ 0.05 was considered as statistically significant.
RESULTS
Effects of WS on hyperglycemia in type 2 diabetic rats
Blood glucose levels were significantly (P<0.001) increased in diabetic control as compared to citrate control group (Table-1 ). The effects of WS on blood glucose level was significantly (P<0.001) decreased in both doses (200mg/kg and 400mg/kg) when compared with diabetic control group.
Effects of WS on LPO and GSH contents in type 2 diabetic rats
The levels of malondialdehyde (MDA), a secondary product of lipid peroxides (LPO) and GSH contents in the homogenate of cardiac tissue is presented in Table 1 . The levels of MDA was significantly (P<0.001) increased whereas the contents of GSH was significantly (P<0.001) decreased in tissue homogenate of STZ treated diabetic control group as compare to citrate control group. WS treatment indicated that the both doses (200 and 400 mg/kg) significantly (P<0.01) decreased the elevated levels of MDA and increased the GSH contents in the tissue homogenate when compared with diabetic control rats.
Effects of WS on lipid profile in type 2 diabetic rats
The effect of WS on serum lipid profile is presented in Table 2 . STZ treatment significantly increased the levels of TCh, TG, LDL-C, and 
Effect of WS on serum levels of LDH and CK
The activities of serum marker enzymes namely, LDH and CK were significantly increased in diabetic control groups as compared to normal control groups as presented in Figure 1 . The elevated levels of LDH and CK were significantly (P<0.001) decreased after the administration of WS (200 and 400 mg/kg) in diabetic treated rats when compared with diabetic control group.
Effects of WS on antioxidant enzymes (AOE) levels
The levels of antioxidant enzymes (GPx, GR, GST, SOD and CAT) are presented in Table 3 in the cardiac tissue of normal control, diabetic control and WS treated diabetic rats. STZ treated diabetic control group showed significant reduction in the levels of these enzymes. Treatment with WS (200 and 400 mg/kg) significantly (P<0.001) improved the levels of these antioxidant enzyme in diabetic rats in a dose dependent manner when compared to diabetic control rats.
DISCUSSION
Cardiovascular disease (CVD) is the primary cause of mortality in both type of diabetes mellitus. Hyperlipidemia is one of the most important cardiovascular risk factors among patients with type 2 diabetes [28] . The American Diabetes Association (ADA) recommends forceful targets for lipid management in patients with type 2 diabetes [29] . Therefore, it is very important to treat hyperlipidemia in order to reduce the incidence of cardiovascular disease. The results obtained from our research study exhibited that STZ treated diabetic rats indicated clear-cut abnormalities in glucose and lipid metabolism as substantiated from the significant elevation of blood glucose, serum TCh, TG, LDL-C, VLDL-C and reduction of HDL-C levels. In the present study WS (200 & 400 mg/kg) treatment for 5 weeks was sufficient to produce a significant reduction in the levels of blood glucose, TCh, TG, LDL-C, VLDL-C and significant increase in HDL-C levels in diabetic rats.
The cardiotoxicity of xenobiotics can be evaluated by quantifying the activity of cardiac marker enzymes. Serum LDH and CK, which are distributed all over the body, possess isoenzymes that are recognized as markers for liver muscle and heart lesion [30] . Conflicting reports are available in the literature on the relationship between diabetes and creatinine kinase activity [31] . The increased activity of enzymes such as LDH and CK in serum of type 2 diabetic control rats exposed the myocardial damage produced after the induction of diabetes. The activities of LDH and CK were re-established by treatment with WS, thus exhibiting muscle integrity and decrease in myocardial damage in diabetic rats. The decreased activities of LDH and CK might be due to decreased leakage of these enzymes from the tissue bed to serum.
Hyperglycemia accelerates the production of reactive oxygen species (ROS), leading to oxidative myocardial injury [32] . The ROS bring about an upsurge in mitochondrial superoxide anion production, glucose auto-oxidation and cardiac lipid peroxidation on exposure to an oxidative stress.Development of diabetic complications may be due to the overproduction of ROS. When the generation of ROS surpasses the threshold of the cells to detoxify them, oxidative stress develops, which is damaging to the integrity of biological tissue. Therefore, we hypothesize that inhibition of myocardial stress would lead to the suppression of myocardial cell death in type 2 diabetes.
The elevated level of LPO is attributed to the enhanced production of ROS. In the present study we found significant increase in MDA formation, an index for LPO in the heart of type 2 diabetic rats. The WS supplementation to such rats exhibited significant decrease in the levels of LPO indicating probable role in scavenging hydroxyl and peroxyl radicals generated by STZ. It is well known that increased level of glutathione (GSH) protect cellular system against toxic effect of lipid peroxidation. Previous research studies suggest that antioxidants that maintain the concentration of GSH restore cellular defensemechanism, block lipid peroxidation and protect tissue against oxidative damage. A recent study [33] also revealed that mitochondrial oxidative stress such as GSH depletion is noticeable cause of cardiac death under diabetic condition.The contents of GSH decreased in the heart of type 2 diabetic rats. Furthermore, WS treatment exhibited significant increase in GSH contents in the heart of type 2 diabetic rats. STZ treatment resulted in significant decrease in the levels of antioxidant enzymes (i.e., GPx, GR, GST, SOD and CAT). Previous studies demonstrated that GPx decreases hydroperoxides to water by utilizing hydrogen from reduced glutathione (GSH). In this process the reduced glutathione is oxidized (GSSG) after donating proton. GR utilizes NADPH and reduces the oxidized glutathione (GSSG) back to the GSH. The observed decreased activities of GPX, GR and GST in the present study might be due the decreased level of GSH. This decrease in GSH levels might be due to its increased utilization by GPx, inhibition of its regenerating enzyme GR and the direct reaction between GSH and ROS generated by STZ. In the present study, we have ascertained that WS potentiates the antioxidative system and improved the levels of GSH dependent enzymes such as GPx, GR and GST in the heart of type 2 diabetic rats. We found that STZ treatment decreased the activities of SOD and CAT in cardiac tissue owing to surplus availability of superoxide anion (O 2 •─ ) and H 2 O 2 in the biological system. This in turn generates hydroxyl and peroxyl radicals resulting in the beginning and proliferation of lipid peroxidation. WS treatment indicated a significant increase in the levels of SOD and CAT in the cardiac tissue of type 2 diabetic rats.
CONCLUSION
Results of the present study indicate that WS supplementation may block many complications of diabetes by controlling oxidative stress and hyperlipidemia and thus protects heart from damage. If this protective function is confirmed after clinical studies in type 2 diabetic patients, WS would be beneficial in the treatment of hyperlipidemia and suppression of myocardial cell death.
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